Abstract Quinoline-2,4-diones reacted with 2-(2-oxo-1,2-dihydroindol-3-ylidene)malononitrile in pyridine to give
Introduction
Great efforts have been made to synthesis, characterize, and investigate the biological activities of spiro-compounds. They possess very promising biological activities as anticonvulsant [1] [2] [3] , antibacterial [4] , anti-Alzheimer [5, 6] , antimicrobial [7] , anti-dermatities [8] , anticancer [9] , and pain relief [10, 11] , in addition to their medical, agricultural, and industrial uses [12] [13] [14] [15] . Therefore, spirocompounds have drawn tremendous interest of researchers in synthetic organic chemistry and medicinal chemistry. Indeed, quinolones represent a class of fused ring systems with interesting essential role in the construction of many bioactive compounds, that they can exhibit antibacterial [16] , antifungal [16] , antitumor [17] , anticancer [18] , antituberculosis [18] , antibiotic [19, 20] , antimicrobial [21] [22] [23] , anti-inflammatory activities [21] [22] [23] . However, they have herbicides [24] , and insecticide agents [25] . On the other hand, isatinemalononitrile is a scaffold for the synthesis of fused spiro-compounds [26] [27] [28] [29] [30] [31] [32] , many of its derivatives are potent inhibiting caspase [33] . The heterocyclic spiro-oxindole framework is an important structural motif in natural products which can act as potent nonpeptide inhibitors [34, 35] . These compounds are very interesting: they can act as antibacterial and anti-HIV agents [36] , and exhibit biological activities [37] , such as antitumor and anticancer [38] and cellular evaluation [39] . To extend the knowledge around the new spiro-compounds, we focused our searches to synthesis a new class of them which we expect they will have important activities in medicinal and industrial area. Previously, Aly et al. synthesized fused spiro-pyranoindanoparacyclophanes [40] , spiro-pyridazino-cyclohexadiene as well as spirothiadiazolo-pyrimidinocyclohexadiene derivatives [41] , and spiro(indole-3,3 0 -[1,2,4]-triazol)-2(1H)-ones [42] . We have also recently investigated the reaction of 2,4-quinolones with dialkyl acetylenedicarboxylates. The reaction gave ethyl 5,6-dihydro-2,5-dioxo-6,9-disubstituted-2H-pyrano[3,2-c]quinoline-4-carboxylates and dialkyl 2-(4-oxo-1,4-dihydro-quinolin-3-yl)fumarates in good yields [43] . So and herein, we describe the synthesis of a class of new spiro-compounds, via the reaction of quinoline-2,4-(1H,3H)-diones 1a-1f with 2-(2-oxo-1,2-dihydroindol-3-ylidene)malononitrile (2).
Results and discussion
Refluxing equimolar amounts of 1,6-disubstituted quinoline-2,4-(1H,3H)-diones 1a-1f with 2-(2-oxo-1,2-dihydroindol-3-ylidene)malononitrile (2) in dry pyridine solution led to the formation of spiro[indoline-3,4
0 -pyrano[3,2-c]quinolone]-3 0 -carbonitriles 3a-3f in 85-92% yields (Scheme 1).
To confirm the structures of all the obtained products, elemental analyses, IR, NMR ( 1 H, 13 C, 2D NMR, 15 N) and mass spectra were performed; these and elemental analyses were in good agreement with the assigned structures. As an example, the structure of compound 3a which was previously prepared [21f]. However, its detailed NMR data were not extensively reported. The NMR spectra of 3a (Table 1) showed a broad 1H singlet at d = 11.75 ppm, assigned as NH-6
0 . This proton gives HSQC correlation with N-6, and gives HMBC correlation with C-2 0 , C-3 0 , C-3, 4 0 , C-5 0 , C-9 0 , C-10 0 , and C-10 0 b. The distinctive hydrogens and carbons of compound 3a were shown in Fig. 1 . Whilst, the structure assignment of 3a is unambiguously confirmed by an X-ray crystal structure as shown in Fig. 2 .
On the other side, the structure assignments of 3b-3d followed from single-crystal X-ray analyses were found bonded to DMF as the solvent of recrystallization (Figs. 3, 4, 5) .
Another representative example, named 2
0 -carbonitrile (3e) was distinguished. According to elemental analysis and mass spectrometry, compound 3e has the gross formula C 21 H 14 N 4 O 3 , resulting from combination of one molecule of N-methylquinoline-2,4-dione (1e) with one molecule of 2. Our first impression was that the reaction might give either 3e, 4, or 5 (Fig. 6) . NMR data appear in Table 2 . 0 . In addition, C-7a gives HMBC correlation with a proton triplet at 7.18 ppm, assigned as H-6; this is another three-bond correlation, and the attached carbon appears at 128.28 ppm. The nitrogen at 140.50 ppm gives HMBC correlation with an aromatic doublet at 7.59 ppm, and a methyl singlet at 3.49 ppm. This nitrogen is assigned as N-6 0 and the methyl singlet as H-6 0 b; the
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carbon attached to H-6 0 b appears at 29.19 ppm, and is assigned as C-6 0 b. The nitrogen at 75.20 ppm is assigned as NH 2 . The carbon at 57.22 ppm gives HMBC correlation with NH 2 , and is assigned as C-3 0 ; its upfield shift is attributed to the observed trends in d values for C-atoms in push-pull alkenes [44, 45] . The carbon C-10 0 b appears at 112.27 ppm, and gives HMBC correlation with H-7 0 and NH 2 . The remaining carbons appear at 117.43 and 106.48 ppm, and must be CN and C-4 0 a; based on chemical shifts, the downfield of the two is assigned as the nitrile carbon-CN and the upfield carbon as C-4 0 a. The rest of the assignments in the two benzene rings follow straightforwardly from the correlations in Table 2 .
The spectra of the N-ethyl compound 3f are essentially identical to those of 3e; because spiro carbon C-14 is a stereogenic center, protons of H-101 are diastereotopic ( Fig. 7 ) [46] , and the N-ethyl group appears as an ABX 3 system. The structure assignment of 3f is unambiguously confirmed by an X-ray crystal structure; the crystal contains one equivalent of DMF, the recrystallization solvent (Fig. 7) . We propose the mechanism shown in Scheme 2. Conjugate addition of 1 to 2, catalyzed by base, would give intermediate B. Cyclization of B would then occur to give intermediate C and, after proton transfer, finally give products 3a-3f (Scheme 2).
Most indicative is the ring conformation in crystals of compounds 3a-3d and 3f are distorted under the effect of intermolecular interactions, as is evidenced by short intermolecular contacts. The complexes are stabilized by intermolecular N-HÁÁÁO and C-HÁÁÁO hydrogen bonds between the hydrogen atoms situated inside the cavity of the macrocycle, the oxygen and nitrogen atoms of the dimethylformamide (DMF) and water molecules.
Conclusion
Reaction of 2,4-quinolinediones with isatinemalononitrile yields spiro-compounds in good yields; structures were established by solution-phase spectroscopy and X-ray crystallographic analysis.
Experimental
NMR spectra were measured in DMSO-d 6 on a Bruker AV-400 spectrometer (Bruker BioSpin Corp., Billerica, MA, USA) (400. Quinoline-2,4-diones 1a-1f were prepared according to the literature [47] .
X-ray crystal structure determination
The single-crystal X-ray diffraction study were carried out on a Bruker D8 Venture diffractometer with Photon100 detector at 123(2) K using Cu-Ka radiation (3a, 3b, 3d, 3f, k = 1.54178 Å ) or Mo-Ka radiation (3c, k = 0.71073 Å ). Direct Methods (SHELXS-97) [48] or dual space methods (3d) [49] were used for structure solution and refinement was carried out using SHELXL-2014 (full-matrix leastsquares on F 2 ) [49] . Hydrogen atoms were localized by difference electron density determination and refined using a riding model (H(N) and H(O) free. Semi-empirical absorption corrections were applied. For 3a, 3c, and 3d extinction corrections were applied. CCDC-1519994 (3a), CCDC-1519995 (3b), CCDC-1519996 (3c), CCDC-1574003 (3d) and CCDC-1519997 (3f) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via http:// www.ccdc.cam.ac.uk/data_request/cif.
General procedure for the reaction of quinoline-2,4-diones 1a-1f with 2 A 100 cm 3 round-bottom flask was flame-dried, a mixture of 1a-1f (1 mmol), 2 (1 mmol), and 20 cm 3 dry pyridine was refluxed for 8-10 h with stirring (the reaction was followed by TLC analysis). After the reaction's completion, solvent was then removed under vacuum and the residue was separated. The solid residue undergoes recrystallization from the stated solvents to give pure crystals of spiro-compounds 3a-3f. 
